Background-Parenteral administration of platelet glycoprotein IIb/IIIa (GP IIb/IIIa) receptor blockers can reduce ischemic complications of coronary angioplasty. Orally active GP IIb/IIIa blockers may allow more sustained receptor antagonism with the potential for long-term secondary prevention. The pharmacodynamic efficacy, clinical safety, and outcomes after prolonged receptor blockade with an orally active GP IIb/IIIa antagonist are not known. The Oral Glycoprotein IIb/IIIa Receptor Blockade to Inhibit Thrombosis (ORBIT) Trial is a multicenter, placebo-controlled, randomized trial of xemilofiban, an oral platelet GP IIb/IIIa blocking agent, administered to patients after percutaneous coronary intervention. Methods and Results-After successful elective percutaneous coronary intervention, 549 patients were randomized to receive either placebo or xemilofiban in a dose of 15 or 20 mg. Stented patients randomized to placebo also received ticlopidine 250 mg orally BID for 4 weeks. Patients who received abciximab during the coronary intervention and who were randomized to receive xemilofiban were administered a reduced dosage (10 mg TID for 2 weeks) followed by the randomized maintenance dose of 15 or 20 mg BID for 2 more weeks. All patients received 325 mg aspirin PO QD. Ex vivo platelet aggregation in response to 20 mol/L ADP and 4 g/mL collagen was measured over time after the initial dose of study drug and at days 14 and 28 of long-term therapy in 230 patients. All patients were followed clinically for 90 days. Xemilofiban inhibited platelet aggregation to both ADP and collagen with peak levels of inhibition that were similar at 14 and 28 days of long-term oral therapy. Plasma levels of xemilofiban correlated with the degree of platelet inhibition. Peak platelet inhibition on day 1 correlated with the subsequent occurrence of insignificant or mild bleeding events. Although this study was not powered to evaluate differences in clinical outcomes, a trend (Pϭ0.04) was observed for reduction of cardiovascular events at 3 months in patients not treated with abciximab who received the highest dose (20 mg) of xemilofiban studied. Conclusions-Xemilofiban inhibited platelet aggregation and was well tolerated during 28 days of long-term oral therapy.
need for longer inhibition of platelet aggregation than can be achieved by parenteral therapy alone. In this context, less potent oral antiplatelet agents such as aspirin, 6 ticlopidine, 7 and clopidogrel 8 are efficacious in long-term secondary suppression of vascular ischemic events.
The GP IIb/IIIa receptor is the final common pathway for platelet aggregation. 9 Orally active antagonists to this receptor offer the potential for sustained platelet inhibition and enhanced long-term suppression of vascular ischemic events. Preliminary experience with oral GP IIb/IIIa blocking drugs has demonstrated dose-dependent inhibition of platelet aggregation. 10 -12 In prior studies, xemilofiban, a nonpeptide GP IIb/IIIa receptor antagonist, provided platelet inhibition for 8 to 10 hours after a single oral dose 10, 12 that was sustained during 2 weeks of oral therapy in patients after coronary stent deployment. 10 The efficacy and clinical safety of this agent with more prolonged administration have not been reported. The Oral Glycoprotein IIb/IIIa Receptor Blockade to Inhibit Thrombosis (ORBIT) trial compared the pharmacodynamic response of 2 dose levels of xemilofiban with placebo on inhibition of platelet aggregation. Secondary objectives were to evaluate (1) the pharmacokinetic profile of xemilofiban after 2 and 4 weeks of therapy; (2) the safety profile of xemilofiban administered for 1 month after coronary intervention; and (3) the incidence of clinical cardiovascular events, including death, myocardial infarction, urgent coronary revascularization (surgery or angioplasty), and nonhemorrhagic stroke in follow-up at 3 months after randomization.
Methods

Study Population
From August 15, 1996 , through December 26, 1996, 549 patients were enrolled at 31 clinical sites (see the "Appendix"). Inclusion criteria for the trial were age of 21 to 80 years, stable or unstable angina, recent myocardial infarction (Ͼ24 hours before enrollment), target lesion stenosis of Ն70% severity, and successful completion of percutaneous coronary revascularization with a Food and Drug Administration-approved device.
Patients were excluded from the trial for reasons identical to those previously delineated for the pilot trial. 10 This study was approved by the institutional review board of each institution, and informed consent was obtained from each patient.
Study Protocol
Patients were randomized to 1 of 3 treatment groups: placebo, xemilofiban 15 mg, or xemilofiban 20 mg. Study medication was administered 3 times daily for 2 weeks and then 2 times daily for 2 weeks. All patients were followed clinically for 3 months.
A stratification procedure was used that was based on the type of revascularization procedure performed. Patients undergoing balloon angioplasty received double-blind study medication (Figure 1 ). Patients undergoing stent deployment had study medication administered in single-blind fashion to accommodate therapy with ticlopidine 250 mg orally twice daily for 4 weeks in individuals randomized to receive placebo ( Figure 2 ). Concomitant administration of xemilofiban and ticlopidine was not permitted. All patients received oral aspirin 325 mg/d.
On the basis of prior pilot studies, 10, 11 dosing with xemilofiban 3 times daily was anticipated to maintain 50% to 80% inhibition of ADP-induced platelet aggregation throughout 24 hours. We hypothesized that after 2 weeks of long-term therapy, twice-daily dosing may suffice in providing adequate platelet inhibition to prevent recurrent cardiac events.
Treatment arms were further stratified to accommodate abciximab administration at the discretion of the investigator during the interventional procedure. A blinded dosing strategy (Figures 1B and 2B) of xemilofiban was available to accommodate procedural abciximab administration with either xemilofiban or placebo therapy initiated at least 8 hours after discontinuation of abciximab. Abciximab-treated patients received a reduced dose of xemilofiban (10 mg TID) for 2 weeks because of the previously described potentiated dose response to xemilofiban when administered in close temporal sequence with abciximab therapy. 13 After 2 weeks of a reduced xemilofiban dosing, these patients received either 15 or 20 mg xemilofiban administered twice daily for 2 more weeks as determined by the original randomization. In patients who did not receive abciximab during the interventional procedure ( Figures 1A  and 2A ), study drug was initiated Ն30 minutes after completion of the procedure, provided that the activated clotting time was Ͻ175 seconds. Study drug was administered for 4 weeks, and all patients were followed for 3 months.
The prespecified end points used in analysis of clinical cardiac events included death, myocardial infarction, urgent revascularization (surgery or angioplasty), and nonhemorrhagic stroke. The diagnosis of myocardial infarction required chest pain attributable to myocardial ischemia Ն30 minutes in duration that was unresponsive to nitroglycerin and was associated with ST-segment elevation (0.1 mV) or new Q waves (Ն0.04 second) in Ն2 contiguous ECG leads. The enzymatic criterion required before hospital discharge was either creatine kinase (CK)-MB or total CK Ն3 times the upper limit of normal; after hospital discharge, the criteria were any CK-MB elevated above normal and Ն3% of total CK or total CK Ն2 times the upper limit of normal if CK-MB was not available. Recurrent hospitalization for unstable angina pectoris or myocardial ischemia required a total CK Ͻ2 times normal and new ECG ST-T-wave abnormalities.
Bleeding events were independently adjudicated by the Data and Safety Monitoring Board and were classified as (1) severe or life threatening if intracranial hemorrhage or bleeding was associated with hemodynamic compromise, (2) moderate if they required transfusion but were without hemodynamic compromise, (3) mild if they did not require transfusion; and (4) insignificant if they did not require medical evaluation or treatment.
Blood transfusion was performed according to treatment guidelines of the American College of Physicians.
14 Patients could be discontinued from the study for thrombocytopenia (Ͻ100 000 per 1 mm 3 ), for development of a clinically significant adverse event requiring medical attention, or because of investigator judgment or patient decision. Early in the course of the trial, several patients were discontinued for profound (Ն95%) inhibition of platelet aggregation in response to 20 mol/ADP measured 8 hours after study drug administration even in the absence of clinical bleeding. A subsequent protocol amendment changed the criteria for study withdrawal to include both profound platelet inhibition (Ն95% for Ն8 hours after dosing) and the presence of a mild, moderate, or severe bleeding event.
Interventional Procedure
Intravenous heparin was administered during the interventional procedure to achieve an activated clotting time Ն300 seconds for patients not receiving abciximab and Ն200 seconds in abciximabtreated patients. Vascular access sheaths were removed when the activated clotting time was Յ175 seconds and heparin was not routinely administered after the procedure. Stent deployment was followed by high-pressure (Ն16-atm) balloon dilatation, and intravascular ultrasound evaluation was not routinely used for stent procedures. Diabetes, n (%) 21 (17) 10 (19) 30 (23) 7 (13) 33 (25) 15 (28) CHF class I or II, n (%) 5 (4) 3 (6) 7 (5) 1 (2) 8 (6) 3 (6) CHF class III or IV, n (%)
Unstable angina, n (%) 85 (69) 29 (56) 79 (60) 32 (57) 72 (55) 35 (66) Recent MI, n (%) 18 (15) 12 (23) 25 (19) 18 (32) 28 (21) 13 (25) Prior PTCA, n (%) 49 (40) 19 (37) 51 (39) 12 (21) 47 (36) 24 (45) Stent, n (%) 64 (52) 30 (58) 66 (50) 29 (52) 58 (44) 30 (57) Directional atherectomy, n (%)
Rotational atherectomy, n (%) 7 (6) 1 (2) 14 (11) 4 (7) 15 (11) 2 (4) Ϫ indicates no abciximab; ϩ, abciximab; CHF, congestive heart failure; and MI, myocardial infarction. *Xemilofiban dosing regimen as outlined in Figures 1 and 2 . 
Platelet Studies
Platelet function studies were obtained in 230 patients enrolled at 12 participating centers. Ex vivo platelet aggregation response to both 20 mol ADP and 4 g/mL collagen was assessed immediately before; at 2, 4, 8, and 12 hours after the first dose of study drug; and again at 14 (before and 2 and 4 hours after dosing) and 28 (before and 2, 4, 8, and 12 hours after dosing) days of therapy. Platelet aggregation studies were performed as previously described.
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Statistical Analysis
Peak response (4 hours after dosing) inhibition of platelet aggregation was compared between treatment groups and between abciximab and nonabciximab patients at each visit by use of an ANOVA model with factors for xemilofiban dose group, previous abciximab use, and xemilofiban-by-abciximab interaction. The concentration response for platelet aggregation to xemilofiban was compared between abciximab and nonabciximab patients at each visit by use of regression analysis. Factors in the regression model were xemilofiban concentration, prior abciximab treatment (yes, no), and subject effects. In both models, platelet aggregation values were logit transformed to linearize dose response. Values Ͻ1% and Ͼ99% were set to 1% and 99% for analysis.
Cumulative rates of cardiovascular end-point events were calculated by the product-limit method. Treatments were compared within prospectively defined randomization strata with respect to event rates by use of the log rank test.
Results
Patient Population
Baseline characteristics of the 549 randomized patients are shown in Table 1 . There were no differences in demographic characteristics between the 3 treatment groups. Abciximab was administered in 29% and stent deployment performed in 50% of the interventional procedures.
Pharmacokinetics
Plasma concentrations of SC-54701, the active form of xemilofiban, by dose are shown in Figure 3 after a single dose (visit 1) and after 4 weeks of therapy (visit 3). The time to peak plasma concentration was Ϸ4 hours after the first dose . Platelet aggregation in response to 4 g/mL collagen before (Pre) and 6 and 12 hours after the first dose of study drug (day 1) and after 14 and 28 days of long-term oral therapy for patients without (A) and with (B) antecedent abciximab therapy at the time of the interventional procedure. and 2 hours after steady-state dosing. A dose-related increase in peak plasma concentration and respective Cmax values of 13.96Ϯ9.4, 17.71Ϯ10.6, and 22.7Ϯ15.6 ng/mL (meanϮSD) were observed after initial doses of 10, 15, and 20 mg. After 4 weeks of therapy, the peak plasma concentrations were 27.6Ϯ18.5 and 37.4Ϯ17.6 ng/mL for the 15-and 20-mg dose groups, respectively. Plasma concentrations were estimated to return to predose levels by 10 hours after dosing with a drug half-life approximating 4 hours. A correlation between the level of inhibition of ADP-induced platelet aggregation and plasma concentration was observed ( Figure 4A , 4B, and 4C). Mean plasma concentrations of 10 and 18 ng/mL provided 50% and 80% inhibition of 20 mol/L ADPinduced platelet aggregation after the first dose of xemilofiban. The plasma concentration of xemilofiban that provided 80% inhibition to 20 mol/L ADP during steady-state dosing at 14 and 28 days was 24 mg/mL.
Pharmacodynamics
Dose-dependent inhibition of platelet aggregation in response to both ADP and collagen was observed after incremental doses of xemilofiban ( Figures 5A and 6A ). An effect of antecedent abciximab on xemilofiban-induced inhibition of both ADP-and collagen-induced platelet aggregation was observed (Figures 5B and 6B) as described previously and was no longer evident 2 weeks after abciximab therapy. 13 Peak inhibition of platelet aggregation after a 10-mg dose of xemilofiban in abciximab-treated patients on day 1 exceeded the peak platelet inhibition after 15-or 20-mg doses of xemilofiban in patients who had not previously received abciximab (PϽ0.001). In patients not receiving abciximab during the interventional procedure, the peak response for each dose of xemilofiban and the concentration-response relationship were similar at 2 and 4 weeks of long-term oral therapy. Peak (4 hours after dosing) and trough (predose) levels of platelet aggregation and inhibition for both 20 mol ADP and 4 g/mL collagen on days 1, 14, and 28 are shown in Table 2 .
Bleeding Events and Blood Transfusion
No intracranial hemorrhages occurred during the trial. One retroperitoneal (0.2%) hemorrhage was observed in a patient randomized to placebo who received abciximab during the interventional procedure. The occurrence of vascular access, gastrointestinal, and genitourinary bleeding was uncommon and was not related to dose of study drug or procedural abciximab therapy (Table 3 ). The most common site of bleeding, epistaxis, occurred more frequently in patients receiving 20 mg xemilofiban and was usually mild, not requiring discontinuation of study drug. Figure 7A and 7B shows the relationship between ADP-and collagen-induced platelet aggregation measured 4 hours after dosing (peak drug effect) on day 1 and the occurrence of bleeding events by treatment strategy. No statistically significant relationship between these parameters and the occurrence of moderate or severe bleeding was observed. A correlation between insignificant and mild bleeding and higher levels of xemilofibaninduced inhibition (Pϭ0.02) was present. The relationship of bleeding events to plasma metabolite concentration is shown in Figure 7C . The use of packed red blood cell transfusion was infrequent in either placebo-(1.7%) or xemilofiban-(1.8%) treated patients. A xemilofiban dose-related increase for insignificant and mild bleeding events, most of which occurred within 2 weeks of randomization, was observed ( Table  4 ). The overall incidence of moderate (3.4% placebo; 1.3% xemilofiban) and severe (0% placebo; 1.1% xemilofiban) bleeding events was low.
Thrombocytopenia (Ͻ100 000 per 1 mm 3 ) was observed in 2 patients (0.5%) receiving xemilofiban on days 10 and 16 after randomization. These 2 patients had platelet counts of 62 000 and 8 000 per 1 mm 3 and presented with a nonhemorrhagic stroke and epistaxis, respectively. The patient with epistaxis was also being treated with procainamide, and both patients had received abciximab during the interventional procedure. Platelet count returned to normal after discontinuation of xemilofiban therapy (486 000 per 1 mm 3 ) in the patient with epistaxis, but the patient with a neurological deficit experienced a fatal pulmonary embolism shortly after hospital admission. Thrombocytopenia was not observed in any placebo-treated patient.
Study Withdrawal and Termination for Adverse Events
The incidence and reasons for withdrawal of patients terminating the study prematurely are shown in Table 5 . Early in the trial, several patients were withdrawn on the basis of predefined platelet aggregation criteria for discontinuation in the absence of clinical bleeding. Discontinuation of study drug for bleeding events did not differ between xemilofibanand placebo-treated patients. Protocol noncompliance occurred in 2% to 7% of patients by treatment regimen.
Cardiovascular Events
The incidence of death (all cause), myocardial infarction, nonhemorrhagic stroke, and urgent coronary revascularization (surgical or percutaneous) is shown for each treatment regimen in Table 6 . After successful percutaneous intervention, the event rates in follow-up were low, particularly in patients randomized to receive xemilofiban 20 mg who did not receive abciximab during the interventional procedure. Composite cardiovascular event rates to 90 days by treatment regimen are shown in Figure 8 . The distribution of cardiac events over time (Kaplan-Meier) by treatment allocation and abciximab therapy is shown in Figure 9A and 9B. In those patients who did not receive abciximab during intervention, more events were observed in placebo-treated patients after 60 days, resulting in a trend (Pϭ0.04) favoring improved outcomes for the highest-dose (20 mg) xemilofiban therapy. This increased event rate was made up primarily of repeated coronary revascularization procedures. In patients who had received abciximab during intervention, an increase in cardiac events was observed in the group receiving xemilofiban 10 to 20 mg.
Discussion
This randomized, placebo-controlled, blinded trial demonstrated that xemilofiban, in conjunction with aspirin, provides inhibition of platelet aggregation that is maintained over 4 weeks of therapy. Xemilofiban therapy initiated after percutaneous coronary intervention was well tolerated and did not increase serious bleeding events compared with placebo. Mild bleeding (particularly epistaxis) was observed more frequently in subjects receiving xemilofiban and correlated with the degree of platelet inhibition observed on day 1 (Pϭ0.02). A trend toward reduction in cardiovascular events at 3 months was observed in patients who did not receive abciximab during coronary intervention and who were subsequently treated with xemilofiban compared with placebo.
This study provides data on therapy with an oral GP IIb/IIIa inhibitor superimposed on contemporary percutaneous revascularization techniques, including the concomitant administration of abciximab and aspirin. The importance of this fact lies not only in the proven benefit of aspirin for the treatment of atherosclerotic cardiovascular disease and for use after coronary intervention 6, 7 but also in the potential for enhanced platelet inhibition when aspirin and an orally active GP IIb/IIIa inhibitor are combined. Enhanced inhibition of both ADP-and collagen-induced platelet aggregation has been demonstrated for aspirin in combination with both xemilofiban (Searle study NG7-96-ST-045) and orbofiban, 15 another longer-acting, orally active GP IIb/IIIa inhibitor. A more prolonged bleeding time was observed in patients who received this combination. 15, 16 Thus, the combination of an oral GP IIb/IIIa antagonist with aspirin may have implications for both the safety and efficacy of oral IIb/IIIa therapy. Prior studies have not provided data on concomitant therapy with aspirin. 8, 12 Similarly, an enhanced dose response for platelet inhibition to xemilofiban after abciximab therapy has been described. 13 The greater efficacy of abciximab when given in conjunction with low-dose, weight-adjusted heparin 1 may increase the use of abciximab and thus the likelihood that an oral agent such as xemilofiban may be used chronically after procedural abciximab therapy. This study provides insight into both the safety and effectiveness of sequential dosing with an intravenous and an orally active agent.
Pharmacokinetics and Pharmacodynamics
A correlation was observed between plasma levels of xemilofiban and the degree of platelet inhibition. Although no correlation was demonstrated between either plasma levels or peak platelet inhibition and the occurrence of moderate or severe bleeding events in this study, a correlation (Pϭ0.02) was observed between the subsequent occurrence of insignificant or mild bleeding and inhibition of platelet aggregation on day 1. This observation is concordant with the recent clinical experience with sibrafiban, another orally active peptidomimetic platelet GP IIb/IIIa antagonist. 12 The short half-life of xemilofiban (4 hours), coupled with a twice-daily dosing regimen used during the last 2 weeks of the protocol, allowed complete recovery in platelet function between doses. Although the peak level of platelet inhibition after xemilofiban was maintained during long-term therapy, intermittent recovery in platelet function may have conferred tolerability. Serious or major bleeding appears rare with either xemilofiban or sibrafiban.
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Clinical Events
Although this study was not powered to definitively evaluate differences in clinical outcomes between treatment groups, a trend with xemilofiban dose (20 mg) for a reduction of cardiovascular events at 3 months' follow-up in patients not receiving procedural abciximab was observed. The reduction in events occurred in subjects not treated with abciximab during the interventional procedure. In this respect, 2 points deserve mention. First, although the pharmacodynamic response to xemilofiban is altered immediately after abciximab therapy as noted previously, the late clinical response to xemilofiban in abciximab-treated patients was not studied in a randomized manner. The declining state of platelet receptor occupancy over weeks after abciximab therapy may have potential long-term ramifications for sequencing abciximab with orally active GP IIb/IIIa receptor inhibitors. Second, the potential for short-term (30 day) coronary vessel wall and platelet passivation with an oral GP IIb/IIIa inhibitor to confer late (3-month) clinical benefit after coronary intervention is suggested. This observation may parallel that of the recent PARAGON trial 16 in which patients with unstable angina or non-Q-wave myocardial infarction received lamifiban or placebo intravenously for 72 hours and clinical outcomes were assessed at 1 and 6 months after treatment. Although no clinical benefit was observed at 30 days after lamifiban therapy, 16 ,17 a significant reduction in late (6-month) cardiovascular events was observed in lamifibantreated patients. 17 Similarly, the timing of clinical events in the placebo group of the present study (occurring Ն60 days after randomization) resulted in a trend for clinical benefit after xemilofiban therapy that was evident only at 3 months' follow-up.
Questions Remaining for Oral Platelet GP IIb/IIIa Therapy
The present study provides new data on the safety, pharmacodynamic effects, and clinical efficacy of xemilofiban. The optimal level of platelet inhibition required to achieve clinical benefit still requires definition. Available data suggest that if inhibition of platelet aggregation by 50% to 80% (20 mol ADP) is maintained for long periods of time, the occurrence of mild to moderate mucocutaneous hemorrhage may be frequent. 11, 12 The optimal duration (how many hours of the day) of platelet inhibition has not been determined. Can recovery in platelet function between doses of a shorteracting agent enhance safety and tolerance yet still confer clinical benefit for suppression of vascular ischemic events? Can shorter-term (1-to 3-month) vascular passivation confer longer-term clinical benefit, or will lifetime therapy be required? What benefit will concomitant therapy with aspirin add to GP IIb/IIIa blockade?
Study Limitations
Although the dosing regimens for xemilofiban in the current trial were somewhat complex (Figures 1 and 2) , every effort was made to accommodate current clinical practice and to evaluate safety and tolerability of xemilofiban in that context. Because a reduced dose of xemilofiban was administered for 2 weeks to abciximab-treated patients, the trends in clinical outcomes observed at 3 months could be explained in part by reduced xemilofiban dosing, antecedent abciximab therapy, or a "higher risk profile" in patients treated with abciximab.
Conclusions
Xemilofiban inhibited platelet aggregation when administered for 1 month after coronary intervention. Despite 50% to 80% inhibition of platelet aggregation (20 mol ADP), xemilofiban therapy was well tolerated. Most bleeding events were insignificant or mild in severity and did not result in termination of study drug. Although this trial was not designed to provide conclusive data on clinical outcomes, a trend for reduction in cardiovascular events was observed in those patients not treated with abciximab at the time of coronary intervention who were randomized to receive xemilofiban (20 mg) compared with placebo. This observation awaits confirmation in the larger-scale phase III study of xemilofiban currently in progress.
